Single-stranded DNA-binding proteins play an important role in DNA replication, repair and recombination. The protein from Mycobacterium tuberculosis (MtSSB) is a tetramer with 164 aminoacid residues in each subunit. The protein readily crystallizes in space group P3 1 21 (or P3 2 21) at pH 7.4 under appropriate conditions. Under different conditions, but at the same pH, orthorhombic crystals belonging to space group I222 or I2 1 2 1 2 1 were obtained after several months. Similar orthorhombic crystals were obtained when protein samples stored for several months were used for crystallization. The orthorhombic crystals obtained in different experiments, though similar to one another, exhibited variations in unit-cell parameters, presumably on account of different extents of proteolytic cleavage of the C-terminal region. Molecular-replacement calculations using different search models did not yield the structure. As part of attempts to solve the structure using isomorphous replacement, a good mercury derivative of the trigonal crystal has been prepared.
Introduction
DNA metabolic processes such as replication, repair, recombination and transcription involve the unwinding of double-stranded DNA (dsDNA), forming transient singlestranded DNA (ssDNA) . ssDNAs in the cell are susceptible to attacks by chemically reactive groups and nucleases and are prone to form secondary structures. Nature has evolved a class of protein, the single-stranded DNAbinding protein (SSB), which binds to ssDNA in a sequence-independent manner. By coating the exposed ssDNA, these proteins protect the chemical integrity of the strand from chemical and nuclease attacks. SSBs are ubiquitous and have been identi®ed in viruses, eubacteria, archaea and eukaryotes (Chase & Williams, 1986; Lohman & Ferrari, 1994) . Though SSBs from the various lifeforms have very similar functions, they share very little sequence similarity. They display very different DNAbinding capabilities and exist in various oligomeric states.
M. tuberculosis encodes a 164-residue SSB protein (MtSSB) which was cloned, overexpressed and puri®ed by Purnapatre & Varshney (1999) . MtSSB shares similar biochemical properties with the extensively studied SSB protein from Escherichia coli (EcSSB). Gel ®ltration and electrophoretic studies show that, like EcSSB, it exists as a homotetramer in solution and requires a minimum of 15±17 nucleotide ssDNA for ef®cient complex formation (Purnapatre & Varshney, 1999) . The crystal structures of EcSSB in both its free state as well as in complex with ssDNA are available (Raghunathan et al., 1997 (Raghunathan et al., , 2000 Webster et al., 1997; Matsumoto et al., 2000) . EcSSB is structurally similar to human mitochondrial SSB (Yang et al., 1997; Webster et al., 1997) . The structure of EcSSB can be divided into two domains. The N-terminal domain contains a motif called the oligonucleotide-binding fold (OB-fold) made up of the ®rst 110 residues, while the C-terminal domain is a long stretch of residues with no regular secondary structure (Matsumoto et al., 2000) . The crystal structures of many other SSBs, such as human RPA (Bochkarev et al., 1997 (Bochkarev et al., , 1999 , gene 32 protein of bacteriophage T4 (Shamoo et al., 1995) and gene 2.5 protein of bacteriophage T7 (Hollis et al., 2001) , reveal the universality of the OB-fold in this class of proteins (Suck, 1997) . Recently, the crystallization of SSB from Sulfolobus solfataricus, a crenarchaea, has been reported and is predicted to contain the OB-fold (Kerr et al., 2001) .
The ®rst 110 residues of MtSSB corresponding to the OB-fold are involved in DNA binding. The C-terminal domain of MtSSB, like that in EcSSB, is rich in glycine and proline and has a stretch of acidic residues at the end. The tail region mediates protein±protein interactions and recruits repair enzymes at the site of DNA damage (Genschel et al., 2000; Handa et al., 2001) and is essential for the in vivo functioning of EcSSB (Curth et al., 1996) . This region is susceptible to proteolytic cleavage.
crystallization papers
Deletion of this region results in a protein that binds to ssDNA with a higher af®nity in vitro. Despite these similarities, MtSSB fails to form cross-species heterotetramers with EcSSB (Purnapatre & Varshney, 1999) , in contrast to many other bacterial SSBs (de Vries et al., 1994) . This indicates that the residues involved in stabilization of the tetramers could be different in the two proteins. Sequence comparison indicates that the patch of aromatic and positively charged residues in EcSSB involved in DNA binding are present in MtSSB, although there are differences in detail (Purnapatre & Varshney, 1999 ).
Materials and methods

Crystallization and preparation of a heavy-atom derivative
Recombinant SSB from M. tuberculosis was overexpressed and puri®ed by methods described previously (Purnapatre & Varshney, 1999) . The puri®ed protein was stored at 253 K in 250 ml aliquots at a concentration of 5±10 mg ml À1 containing 0.5 M NaCl, 20 mM Tris±HCl pH 7.4 without any protease inhibitor in the medium. The protein was crystallized at 298 K using the hanging-drop method. In all crystallization experiments, the drop was made up of 4 ml of a 5±10 mg ml À1 solution of protein in 20 mM Tris±HCl buffer pH 7.4 and 1 ml of precipitant. Trigonal crystals (Fig. 1a ), hereafter referred to as form I, grew when 1 M sodium acetate, 500 mM sodium chloride and 50±100 mM zinc sulfate in 20 mM Tris±HCl buffer pH 7.4 was used as precipitant. The same crystal resulted when zinc sulfate was replaced by cadmium sulfate. The crystals grew in 1±2 weeks. Orthorhombic crystals (form II; Fig. 1b ) grew in 3±5 months when 2 M magnesium chloride in the same buffer was used as the precipitant. Similar crystals, but not the trigonal ones, were obtained when the protein sample stored for several months was used for crystallization. In some instances, macroseeding was resorted to in order to grow diffraction-quality crystals. The unit-cell parameters exhibited considerable variation depending on the age of the sample. A heavy-atom derivative of form I was prepared by soaking the crystals in the mother liquor containing 7 mM HgBr 2 for 52 h.
Diffraction data from both crystal forms were collected at low temperature (100 K) using¯ash-freezing with a MAR Research imaging plate mounted on a Rigaku RU-200 X-ray generator. Crystal-to-image plate distance was 120 mm. Data collected at room temperature (298 K) turned out to be of poor quality, especially in the case of form I. These crystals were soaked in glycerol for cryoprotection prior to data collection. The concentration of glycerol was raised stepwise from 0 to 30% over a period of 6 h. Use of this procedure eliminated crystal cracking, reduced mosaicity and improved resolution. No prior processing of crystal was required for form II. The data were processed and scaled using the HKL package (Otwinowski & Minor, 1997).
Results and discussion
Heterogeneity in crystals
MtSSB, like EcSSB, has been observed to undergo proteolytic modi®cation upon storage. Proteolytic cleavage has been observed in EcSSB (Ollis et al., 1983; Ng & McPherson, 1989; Matsumoto et al., 2000) , but the reason for it is not yet entirely clear, although it has been established that it takes place in the C-terminal region. Recent studies on MtSSB also have indicated that this region is susceptible to proteolytic degra-dation (Reddy et al., 2001) . Freshly puri®ed protein gives a single band corresponding to the native protein (17 350 Da) on SDS± PAGE. Upon storage, minor bands corresponding to truncated protein appear on the PAGE and become prominent over time. Crystals used for data collection were care- Harker section (z = 1/3) of the difference Patterson maps computed using 10±5 A Ê resolution data from the native crystal and the mercury derivative crystal. (a) Isomorphous difference map. The map is contoured from a start value of 3' with an interval of 0.5'. (b) Anomalous difference map. The contouring starts at 3' with an interval of 1'. The maps were generated using CNS (Brunger et al., 1998) .
crystallization papers fully washed with the mother liquor, dissolved in double distilled water and then analyzed on SDS±PAGE (Fig. 2) . The protein in form I appeared as a single major band corresponding to the intact protein.
The available crystal structures of EcSSB are either that of homotetrameric DNAbinding domain of proteolytically treated SSB (Raghunathan et al., 1997 (Raghunathan et al., , 2000 or heterotetrameric SSB composed of a mixture of native and C-terminal truncated polypeptide chains (Webster et al., 1997; Matsumoto et al., 2000) . Form I of MtSSB could be the ®rst bacterial SSB protein crystal with a full-length polypeptide chain. Crystals belonging to form II typically gave two bands, corresponding to approximately 14 and 11 kDa, with varying strength.
Preliminary X-ray studies
The trigonal crystals (form I) belong to space group P3 1 21 or P3 2 21, with unit-cell parameters a = b = 78.6, c = 77.4 A Ê in the case of crystals grown in the presence of zinc sulfate. Crystals with similar unit-cell parameters result when zinc is replaced by cadmium. The crystals diffract to better than 3 A Ê resolution. The Matthews coef®cient (Matthews, 1968) indicates that the crystal contains a dimer in the asymmetric unit, with a solvent content of 38%. The tetramer should therefore be on a crystallographic twofold axis. The orthorhombic crystals belong to space group I222 or I2 1 2 1 2 1 . The unit-cell parameters exhibit considerable variability. The best crystals, which diffracted to a resolution of 2.7 A Ê , have unit-cell parameters a = 60.4, b = 117.6, c = 175.2 A Ê . The unit cell contains one crystallographically independent tetramer with a solvent content of 55±65% depending on the stoichiochemistry of the 14 and 11 kDa subunits.
Repeated attempts to solve the structure using the molecular-replacement method employing different search models did not succeed, presumably owing to the low sequence identity between them and MtSSB. Among the proteins of known structure, EcSSB is closest to MtSSB in terms of sequence similarity. Even between these two proteins, the sequence identity is as low as 28% (35% in the OB-fold and 13% in the rest of the protein; Purnapatre & Varshney, 1999) . A search for heavy-atom derivatives of both forms has so far resulted in a good mercury derivative of the trigonal crystals grown in the presence zinc sulfate. Statistical information on the data from the native and the derivative crystals are given in Table 1 . Anomalous differences were clearly discernible in the derivative data. Harker sections of the isomorphous and anomalous difference Patterson maps calculated using the data sets (Fig. 3) indicate the presence of primarily a single heavy-atom position in the derivative. Further analysis of the structure is in progress.
The intensity data were collected at the X-ray Facility for Structural Biology at the Institute, supported by the Department of Science and Technology (DST) and the Department of Biotechnology (DBT). Facilities at the Supercomputer Education and Research Centre, and the Interactive Graphics based facility and Distributed Information Centre (both supported by DBT) were used. Table 1 Data-collection statistics for form I crystal.
Values in parentheses correspond to the highest resolution shell (3.0±2.9 A Ê ). When Bijvoet pairs were treated separately, 5261 such pairs were obtained, with 568 in the last resolution shell.
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